The use of Unmanned Aircraft Systems (UAS) in undergraduate forestry education continues to expand and develop. Accuracy of data collection is an important aspect of preparation for "society-ready" foresters to meet the complex sustainable environment managing for ecological, social and economic interests. Hands-on use of a DJI Phantom 4 Pro UAS by undergraduates to measure the length and area of 30 linear features and areal features on Earth's surface were estimated. These measurements were compared (measured within the ArcMap 10.5.2 interface) to hyperspectral Pictometry imagery measured on the web-based interface and the Google Earth Pro interface. Each remotely estimated measurement was verified with the actual ground measurements and the methods compared. An analysis of variance, conducted on the absolute length errors resulting in a p-value of 0.000057, concluded that the three length estimating techniques were statistically different at a 95% confidence interval. A Tukey pair-wise test found that the remotely sensed DJI Phantom 4 Pro data was statistically less accurate than the Pictometry and Google Earth Pro data, while both of which were found to be not different statistically in terms of accuracy. The areal feature area measurements were not normally distributed and therefore tested for equal medians using a Kruskal-Wallis test. The test found that there was no significant difference between sample medians, indicating that all three methods of estimating area are statistically equal in accuracy. The results indicate that Pictometry and Google Earth Pro could both be used to accurately estimate linear feature lengths remotely in lieu of in situ linear measurements while all three remote sensing techniques can be used to accurately estimate areal feature areas remotely in lieu of in situ areal measurements.
Introduction
Unmanned Aircraft Systems (UAS) or drones are being integrated into undergraduate forestry education for students completing a Bachelor of Science degree in Forestry in the Arthur Temple College of Forestry and Agriculture and (ATCOFA) at Stephen F. Austin State University (SFASU), Nacogdoches, Texas, USA. The addition of UAS complements the mission of ATCOFA by integration of UAS into coursework for both graduate and undergraduate education. Individual UAS research projects enhance one-on-one education due to the need for a pilot-in-command and a visual observer for each project adding to the faculty-student interaction. Once projects are completed, they are developed into outreach program for natural resource education based on real world applications. (Bullard et al., 2014) . In Spatial Science, Forestry and Environmental Science, UAS are enhancing interactive hands-on experiences for students (Unger, Hung, Zhang, & Kulhavy, 2018) .
Courses, students, and faculty within ATCOFA focus on hands-on instruction, field exercises, and real-world applications using the most current geospatial technology, most recently through the introduction of small Unmanned Aircraft Systems (UAS), or drones into forestry education to quantify natural resources (Unger, Kulhavy, Hung, & Zhang, 2014) . To begin the use of UAS, students review the Mentored Undergraduate Scholarship (MUGS) rubric on use of UAS to gain confidence in understanding of UAS for teaching and research and service (Unger, Kulhavy, Busch-Petersen, & Hung, 2016) . This promotes critical thinking, technical knowledge and skill, hands-on engagement, and construction of new concepts for use of UAS in education (Sattar, Tamatea, & Nawaz, 2017) .
To learn to use the UAS in forestry education, students begin with safety and set up of the UAS followed by an exercise in hazard rating of urban tress (Kulhavy, Wu, Unger, Hung, & Sun, 2016; As a result of training, a forestry undergraduate student completed measurements of 30 linear and areal features with a DJI Phantom 4 Pro UAS and compared these measurements to onscreen Pictometry hyperspectral imagery; and Google Earth Pro interface to evaluate and compare the effectiveness of each method.
Literature Review

The Need for Accurate, Current Surface Measurements
The spatial location and boundary of geographic features is crucial to measuring a natural resource. Knowing the length and area of features on the Earth's surface is essential for a forestry endeavor for management of the landscape and its surface features. To create a management plan for a forest stand, size and perimeter of the stand are essential (Unger, 2014; . Although the linear measurements and areal measurements can be estimated in situ with a basic GPS unit or other measuring device, these methods can be time consuming and expensive for a large geographic area Unger, Kulhavy, Hung, & Zhang, 2014) .
Remote sensing obtains information about the Earth's surface from a distance using electromagnetic energy, typically in the form of aerial photographs or digital imagery to quantify and qualify natural resources (Campbell & Wynne, 2011) . Remote sensing is advantageous due to the acquisition of information of a given area quickly and efficiently, thereby reducing time and cost for data acquisition.
Pictometry Data
Hyperspatial resolution multispectral Pictometry (Pictometry International Corporation, now merged with EagleView Technologies, Bothell, WA) data are available in a web-based interface for linear and areal measurements on the Earth's surface. Pictometry is acquired using low-flying aircraft to obtain images to create a georeferenced orthomosaic image allowing for the estimation of surface object size within seconds through the Pictometry web-based interface (Dailey, 2008; Gerke & Kerle, 2011; Wang, Schultz, & Giuffrida, 2008) . Pictometry can be used for height, linear and areal measurements on the Earth's surface (Unger, Kulhavy, Williams, Creech, & Hung, 2015; Kulhavy, Unger, Hung, & Douglass, 2014; Kulhavy, Unger, Zhang, Bedford, & Hung 2016; .
Google Earth Pro Data
Google Earth Pro (Google, LLC, Mountain View, CA) is a free, internet-based platform providing the users with hyperspatial resolution remotely sensed data. It is accessible by internet connection and has no licensing requirements that other commercial applications may impose. Google Earth Pro provides a simple user-friendly easy-to-learn interface creating a faster learning environment and application of use for undergraduate students (Lisle, 2006; Hu et al., 2013; Patterson, 2007) . Google Earth Pro imagery is acquired using multispectral cameras in satellites to capture images which are used to create georeferenced orthomosaic images available for users in the Google Earth Pro interface (Goodchild, 2008; Henley, Unger, Kulhavy, & Hung, 2016) .
Surface Measurements Using a UAS
As UAS continue to improve and become more prevalent in natural resources, measurements must be taken accurately from UAS data. Traditionally, surface measurements of Earth's features are taken in situ using various forms of GPS units or tape measures. These methods of measurement quickly become time consuming and expensive. To eliminate the need for in situ measurements, aerial photographs taken from planes or satellites may be used to remotely measure the features on the Earth's surface (Zhang & Kovacs, 2012; Whitehead & Hugenholtz, 2014) . These data (images) may not be recently taken, up-to-date photographs so the features to be measured may not be shown . The use of UAS for surface measurements allows the most recent, current aerial photographic data to be taken and analyzed quickly and efficiently.
Methods
Study Site
The SFASU Commuter Parking Lot (Figure 1 ) was chosen as the study site due to the proximity and accessibility to SFASU students and faculty and its clearly defined lines that have not changed between the times the aerial imagery, imagery with the drone, and measurements with a tape measure were taken. + Figure 1 . Study site depicting the Commuter Parking Lot on the SFASU Campus.
Hands-On Computer Measurements in the GIS Lab
Undergraduate coursework for the use of UAS in hands-on computer measurements in the Forestry and Spatial Science programs within ATCOFA combines traditional classroom instruction with one-on-one faculty interaction in the use of the UAS to collect remotely sensed data. The students then download the information from the UAS into ArcGIS 10.5.2 in the GIS laboratory, or use Drone2Map software to create an orthomosaic for use in the computerized environment ( Figure 1 ). The collection of the UAS data coupled with the hands-on instruction in the GIS laboratory produces a more well-rounded and more competent graduate in cutting edge spatial science software necessary for the workforce (Bullard et al., 2014) .
In 2013 and 2016 ATCOFA acquired Pictometry imagery in partnership with the County of Nacogdoches 911 District, the City of Nacogdoches, Texas, and the Nacogdoches County Appraisal District. The purchase included Pictometry imagery covering the City of Nacogdoches at 10.2 cm spatial resolution in 2013 and the entire County of Nacogdoches at 23.0 cm spatial resolution in 2013 and 2016; the typical spatial resolution acquired with Pictometry data representing local neighborhoods and community level coverage respectfully (EFS, 2007) . A forestry undergraduate student was instructed how to measure the length and area of surface features remotely using the Pictometry web-based interface. Pictometry data with image acquisition date of the SFASU Commuter Parking Lot of February 2016 were chosen since the spatial resolution was the highest while still having the current lines in the parking lot. The student was shown how to measure linear distances and areas within the Pictometry web-based interface, then recorded the measurements himself (Figures 2 & 3) . Google Earth Pro software is available to all students through the ATCOFA GIS Laboratories. The forestry student was instructed how to measure the linear distances and areas of surface features remotely using Google Earth Pro 7.1.8.3036 (32-bit) developed by Google Inc. (Mountain View, California). Imagery data taken November 2015 was chosen as this was the most recent imagery data displayed for Nacogdoches, Texas. Once the student learned how to measure linear distances and areas within the Google Earth Pro interface, the student was allowed to record measurements himself (Figures 4 & 5) .
UAS Measurements
The student was also introduced to remotely collecting field data measurements using a DJI Phantom 4 Pro drone, or UAS. Under the FAA Regulations Part 336, a model aircraft or UAS weighing less than 55 pounds may be flown for hobby or recreational use following other regulations listed in Part 107 (Federal Register, 2016) . After being introduced to the DJI Phantom 4 Pro, the student took part in a class to receive the FAA Part 107 UAS Remote Pilot Certificate. After completing the class, the student flew the DJI Phantom 4 Pro using Pix4DCapture app on an iPhone to create an orthomosaic image of the SFASU Commuter Parking Lot (study site, Figure 1 ). The images captured on the DJI Phantom 4 Pro were then downloaded to a computer in the ATCOFA GIS Laboratories and input into the Drone2Map software. The Drone2Map software created a georeferenced orthomosaic image of the parking lot that was then opened in ArcMap 10.5.2. The measurement tool in ArcMap 10.5.2 was introduced to the student and used to record the estimated length of the linear features and area of the polygon features to attain the drone measurements.
Field Measurements
Once the Pictometry, Google Earth Pro, and the drone measurements were recorded, the student went to the field and used a 300-foot tape to measure the 30 lines and 30 rectangles on the ground to the nearest tenth of a foot. These measurements were later used as the true measurements for the statistical analysis.
Statistical Analysis
To assess the accuracy of the remotely sensed measurements from the UAS and Pictometry, and ATCOFA's hands-on instruction methodology, each set of the 60 (30 lines and 30 rectangles) estimates by Pictometry, Google Earth Pro, and UAS respectively, were compared to the actual measurements that were recorded in situ with a tape measure. For each remote sensing method assessed, measurement errors were calculated for mean error, mean absolute error, mean absolute percent error, and root mean square error. An analysis of variance (ANOVA) was conducted on the absolute length and area errors to determine if accuracy differences in measurement among the three remote sensing methods tested were statistically different. When found significant, a Tukey pair-wise test was applied to identify how the three remotely sensed height estimation techniques differed in accuracy.
Results
A summary of all 30 linear feature in situ measurements and all 30 remotely sensed linear feature estimates using Pictometry data, Google Earth Pro data, and a DJI Phantom 4 Pro are displayed in Table 1 and for areal features in Table 2 . On average, the DJI Phantom 4 Pro overestimated linear feature length, while Pictometry and Google Earth Pro underestimated the linear features. All mean errors were within one foot with 0.780 ft for DJI Phantom 4 Pro, -0.239 ft for Google Earth Pro, and -0.200 ft for Pictometry estimates. For an average accuracy comparison, the DJI Phantom 4 Pro data were found the least accurate among the three, with the highest mean absolute error of 0.780 ft and the highest RMSE of 0.818 ft (Table 3) . A summary of all 30 areal feature in situ measurements and all 30 remotely-sensed areal feature estimates using Pictometry data, Google Earth Pro data, and a DJI Phantom 4 Pro are displayed in Table 2 . On average, all 3 areal feature estimate methods overestimated the features' areas. All mean errors were within 30 ft 2 with 29.331 ft 2 for the DJI Phantom 4 Pro, 8.878 ft 2 for Google Earth Pro, and 19.000 ft 2 for the Pictometry estimates. For an average accuracy comparison, the DJI Phantom 4 Professional data were found the least accurate among the three, with the highest mean absolute error of 29.331 ft 2 and the highest RMSE of 34.772 ft 2 (Table 4 ).
The forestry undergraduate student performed ANOVA on the absolute errors to determine if the accuracy on linear feature estimates among the three remote sensing methods was statistically significant. It resulted in a p-value of 0.0000577, concluding that the three different linear estimating methods were statistically different at the 95% confidence interval (Table 5) . A Tukey pair-wise test was performed and found that the DJI Phantom 4 Pro method was significantly less accurate than others, while there is no difference between Pictometry and Google Earth Pro (Table 6 ). In measuring linear feature length, the Pictometry estimated length on screen within the Pictometry web-based interface achieved the same level of accuracy as using Google Earth Pro, while the linear feature length estimated from the drone orthomosaic in ArcMap 10.5.2 was statistically less accurate.
The areal feature measurements were tested for normality using Shapiro-Wilk test. It was found that the data were not normally distributed even after transformation. The data were then tested for equal medians using a Kruskal-Wallis test. The test found that there is no significant difference between sample medians, indicating that all three methods of estimating area are statistically the same in accuracy (Table 7) . 
Discussion
The findings demonstrate that the use of a drone in natural resources management allows for the acquisition of the most up-to-date data that can be used to conduct measurement estimates remotely with the same accuracy of other commonly used mapping applications. An undergraduate forestry student under the direction of GIS faculty estimated the length and area of surface features from a distance using remotely sensed data. The high-level accuracy of the student conducted length and areal estimates validates the hands-on instruction within the Bachelor of Science programs in Forestry, Environmental and Spatial Science within ATCOFA at SFASU.
The findings also validate the interactive nature of the instruction methodology employed by faculty with ATCOFA which could be applied within other colleges and departments at SFASU or other academic institutions. By focusing on an interactive hands-on approach within an applied setting, the utility of integrating remotely sensed technology within the spatial science program at SFASU was shown to be an effective tool at obtaining real-world measurements using cutting edge technology. In the future this combination of spatial science high end technology integration should be assessed within other academic disciplines to validate the use of spatial science as a multidisciplinary tool across a host of academic endeavors.
Conclusions
The ease of remotely sensed length and area estimation demonstrated by a forestry undergraduate student using the web-based Pictometry interface, Google Earth Pro interface, and DJI Phantom 4 Pro data with ArcMap 10.5.2 GIS software reinforces the use of these methods to remotely estimate length and area in lieu of in situ assessments. A Tukey pair-wise test found that the remotely sensed Pictometry web-based interface and Google Earth Pro interface were statistically the same in accuracy for the linear length measurements while the DJI Phantom 4 Pro data in the ArcMap 10.5.2 interface were statistically less accurate. The results indicate that linear estimates within the Pictometry web-based interface and Google Earth Pro could be used in lieu of time consuming or more costly in situ linear measurements. Per the results, any of the three methods used in the study will achieve the same level of accuracy statistically for estimations of area measurements. This allows for the drone, which is user controlled and can by flown at a given time and place at the discretion of the user, to be the most beneficial as the images and data will be the most up-to-date out of the three remote sensing options analyzed.
